The objectives of this study were to estimate the age of complementary feeding introduction (CFI) and investigate the related health, demographic, and socio-economic factors.
tions state that complementary feeding (CFg) should ideally be introduced at 6 months but should not start before 4 months (Nutrition group guides of the PNNS, 2005; Health comes with eating, 2005).
CFg introduction (CFI) may influence infants' nutritional status and has short-and long-term effects on health, especially regarding growth, obesity, and allergies (M. Fewtrell et al., 2017; A. D. Jones et al., 2014; Michaelsen, Larnkjaer, Lauritzen, & Molgaard, 2010; Michaelsen, Larnkjaer, & Molgaard, 2013; Moss & Yeaton, 2014; Onyango, Borghi, de Onis, Casanovas, & Garza, 2014; Pearce & Langley-Evans, 2013) , although the association between the timing of CFg and childhood obesity remains controversial (Burdette, Whitaker, Hall, & Daniels, 2006; Moorcroft, Marshall, & McCormick, 2011) . CFg practices are also likely to influence later eating behaviour (L. Jones et al., 2015; Nicklaus, 2016; Schwartz, Scholtens, Lalanne, Weenen, & Nicklaus, 2011) . CFI and its associated factors have been little studied in France to date ; Boudet-Berquier, Salanave, de Launay, & Castetbon, 2016) .
In other developed countries, CFg has been shown to be initiated later (i.e., after the fifth month of life) when mothers breastfed their infant, were older, did not smoke, had a normal body weight, and had attained a higher education level or higher socio-economic status (Kronborg, Foverskov, & Vaeth, 2014; Rebhan, Kohlhuber, Schwegler, Koletzko, & Fromme, 2009; Schiess et al., 2010; Scott, Binns, Graham, & Oddy, 2009; Wen, Kong, Eiden, Sharma, & Xie, 2014; Wijndaele, Lakshman, Landsbaugh, Ong, & Ogilvie, 2009 ).
However, there has been little research on the associations of paternal characteristics with the timing of CFI Camara et al., 2015; Gross et al., 2010) .
The present study aims to first describe the age at CFI in a French birth cohort and then assess the factors associated with infant age at CFI, including health, demographic, and socio-economic factors in addition to caregiving practices.
| MATERIAL AND METHODS

| Study population
The present analysis was based on data from the Etude longitudinale française depuis l'enfance (ELFE) study, a nationally representative birth cohort study that included 18,258 children born in a random sample of 349 maternity units in France in 2011 (Vandentorren et al., 2009 ). All infants who were born in the 320 maternity units that agreed to participate, on the 25 selected recruitment days over the four seasons, and met the inclusion criteria, were included. The inclusion criteria were as follows: children born after 33 weeks of amenorrhoea; mothers aged ≥18 years who were not planning to move outside Metropolitan France in the next 3 years; and mothers able to read French, Arabic, Turkish, or English, the most common languages spoken by women giving birth in France.
The ELFE study received approval from the Consultative Commit- Each mother had to sign consent for herself and her child. If fathers were present on the inclusion days, they also provided consent;
if not, they were informed about the right to oppose their child's participation. Fifty-one percent of the contacted parents agreed to their child's participation. Data were collected in standardized interviews conducted by trained interviewers and by self-completed questionnaires, previously tested in a pilot study (Vandentorren et al., 2009 ).
Each mother was interviewed face-to-face at the maternity ward for medical information regarding her pregnancy, her newborn, and her general characteristics. Additional information was provided by medical records from the obstetric and paediatric files. Two months post-partum, telephone interviews were conducted with mothers and fathers to assess the following: demographic and socio-economic variables (country of birth, number of family members, educational level, employment, and monthly income); health variables of both infants and parents; and milk feeding practices during the first 2 months.
| Milk and CFg information collection
Information regarding milk feeding practices was collected prospectively as described elsewhere (Wagner et al., 2015) . The infant's age at breastfeeding cessation was collected during the 1-year follow-up.
Breastfeeding duration up to 12 months was considered, as a continuous variable, expressed in months. Therefore, when the term "breastfed longer" is used here, it refers to a characteristic positively associated with breastfeeding duration. Infants' CF consumption was collected monthly from 3 to 10 months post-partum, using an online or paper self-reported questionnaire. This questionnaire consisted of 26 food items (fruit juices, other sweetened beverages, regular cow's milk, semi-skimmed or skimmed cow milk, infant cereals, potatoes, green beans, carrots, peas, artichokes, other vegetables, pasta/rice, bread, meat, fish, egg yolks, egg whites, cheese, yogurt, apples, bananas, strawberries, peaches, other fruits, biscuits, and other desserts). The frequency of their consumption during the last month was
Key messages
• Most of the infants (62%) received their first CF between 4 and 6 months of age, 26% received CF<4 months, and 12% beyond 6 months.
• Mothers who smoked during pregnancy were overweight/obese, were younger, were born outside France, and were more likely to introduce CF<4 months.
• Mothers of girl, those of a second-born infant, who attended at least one birth preparation class and breastfed longer, were less likely to introduce CF<4 months; breastfeeding duration was positively related to CFI>6 months.
• It is important to continue promoting clear CF recommendations, especially to families more likely to introduce CF<4 months.
recorded on a 5-point scale: not yet introduced (0), introduced once (1), several times (2), often (3), and every day or almost every day (4). The food items were chosen to reflect the variety of the infant diet during CFg, especially fruits and vegetables, which are traditionally the first food groups provided to infants in France at CFI Lange et al., 2013) , and to focus on nutritional recommendations.
An imputation method for missing data was applied, as described in Data S1.
| Definition of age at CFg initiation
Based on the above questionnaire, age at CFI was defined as the age at the month of the first introduction of any food other than water, breast milk, or baby formula that occurred more than once (i.e., Levels 2, 3, or 4 of the consumption frequency scale). This definition prevented us from considering the occasional consumption of a given food Lange et al., 2013; Salanave, deLaunay, Boudet-Berquier, Guerrisi, & Castetbon, 2016) as CFI. The age at CFI was categorized as follows: during the third and fourth months of life (CF < 4 months); between 4 and 6 months of age, that is, during the fifth month and the sixth month of life; and strictly after 6 months of age (CF > 6 months), that is, from the first day of the seventh month onwards.
| Infant and parental characteristics
All variables and their modalities are briefly described in Table 1 and further detailed in Data S2.
| Sample selection
Of the 18,258 initially included infants, 17,579 were eligible (Figure 1 ).
We then excluded infants with very little or no information (n = 5,654) regarding CFg, leading to a sample of 11,925 infants. The age of CFI could be calculated for 9,427 of them without imputation; the imputation process led to a final sample of 10,931 infants.
| Statistical analyses
To provide statistics representative of all French infants born in 2011, we weighted data related to age at CFI to account for the sample design, nonparticipation at inclusion, and specific nonresponse to the infant feeding questionnaire. The weighting also included calibration on margins from the state register's statistical data and the 2010 French National Perinatal study (Blondel, Lelong, Kermarrec, Goffinet, & National Coordination Group of the National Perinatal, 2012) Caron, 2005; Sautory, 1991) . Further information on both the survey carried out at the maternity ward and the CFg data can be found online (in French) on the ELFE data access platform (https://pandora.vjf.inserm.fr/doc/ELFE_NoteDet0. pdf and https://pandora.vjf.inserm.fr/doc/PonderationSicomiam.pdf, respectively). Details on the weighting methods for the infant feeding questionnaire have been translated into English and can be provided on request.
The associations between age at CFI and the potential factors listed in Table 1 were assessed by multinomial logistic regressions on unweighted variables. The association of each variable with age at CFI was first tested in bivariate models; then, factors with a significance level of p < .01 (to account for population size) were included in the multivariable model that adjusted for maternity unit size, season of inclusion, and region of residence. In the multivariable model, the significance level was set at p < .01. All analyses were performed using SAS 9.3 (SAS, Cary, NC). Multicollinearity was assessed by checking that the variance inflation factor was below 5 (Allison, 1999) .
| Characteristics of the study population
The characteristics of the study population, as well as those of the participants who did not report any information about CFg, are described in 
| Age at CFI
All but three infants had received CF at 10 months of age, the end of the follow-up period. The mean age at CFI was 5.2 ± 1.2 months (median, 5 months; interquartile range 1-3, 4-6 months), and 26% of the children were introduced to CF before 4 months of age, 62% between 4 and 6 months of age, and 12% to after 6 months. Eleven percent were introduced to CF at 6 months of age.
| Factors associated with CF introduction
Some factors were not significant in the bivariate analyses and are not reported further: twin birth, gestational age, birthweight, milk protein allergy, Edinburgh Postnatal Depression Scale, and distribution of care duties between parents. The results of the bivariate analyses for the significant variables are presented in Table S1 and described in Data S3.
| Multivariable analysis
Some factors were not significant in the multivariable analyses: mode of delivery, family history of allergy, maternal employment status and occupation type, paternal age and occupation type, marital status, father's presence at delivery, distribution of home duties between parents, infant care arrangements, reasons for feeding choice at birth, and maternal concerns about the child's health ( Included exclusive (no food given other than breast milk and rehydration solutions); predominant (no milk other than breast milk, but water and baby teas were allowed); or partial (infant formula given in addition to breast milk) Reasons for feeding choice at birth Health or welfare of the child; convenience; relationship with the child; medical advice or contraindication; usual choice of relatives
Maternal concerns about child's health No concerns; feeding issues; other issues
Maternal reaction when the child did not eat much at 2 months of life "Did not insist"; "insisted or tried later"; "never happened" b Different sources of information were also explored, only this variable was used in this study (see Data S2).
| Factors associated with CFI before 4 months of age
After adjustment for all of the factors listed in Table 3 , smoking mothers after birth were more likely to introduce CF before 4 months than those who did not smoke. Self-reported overweight or obese mothers (before pregnancy) were more likely to introduce CF before 4 months than those with a normal BMI. No association was found between a prepregnancy maternal BMI under 18.5 kg/m 2 and CF < 4 months. The youngest mothers, under 29 years old, were more likely to introduce CF before 4 months than mothers aged 30-34 years.
Mothers who reported using their personal experience as an information source in child caregiving were more likely to introduce CF before 4 months than mothers who did not use this information source. Furthermore, couples in which neither parent was born in
France were more likely to introduce CF before 4 months compared to couples in which both parents were born in France. Maternal education level was significantly associated with age at CFI, with a large effect in bivariate analysis but a less marked effect in multivariate analysis, related to a marginally significant modality: Mothers who attended less than 9 years of school tended to be more likely to introduce CF before 4 months.
Conversely, mothers were less likely to introduce CF before 4 months for girls than for boys. Mothers were also less likely to introduce CF before 4 months for a second-born child than for a first-born infant. Breastfeeding duration (calculated as a continuous variable until 12 months) was negatively related to CF < 4 months.
Mothers who attended at least one birth preparation class, compared with those who did not, were less likely to introduce CF < 4 months. 
| Factors associated with CFI after 6 months of age
Mothers of second-born infants were more likely to introduce CF after 6 months than those of first-born infants. Any breastfeeding duration was positively related to CF > 6 months. If the mother was not born in France and the father was born in France, CF was introduced less often after 6 months, compared with families in which both parents were born in France. The variable "maternal reaction when her infant did not eat much" was related to the age at CFI, as CF > 6 months was marginally less likely when "she insisted or tried later" than when "she did not insist."
| Sensitivity analysis of imputed data
We conducted the same analyses on the sample of 9,427 infants with computable CF age before imputation and found similar results to those obtained with the imputed data (data available on request).
Variables that were nonsignificantly related to age at CFI with the nonimputed data were not related to CFI age with the imputed data, whereas variables that were related to the age at CFI with the nonimputed data were also related to CFI age with the imputed data, with comparable significance levels. in 2005, and 30% in 2010. In our study, breastfeeding duration was associated with a later CFI, as widely described in other studies (Fanaro, Borsari, & Vigi, 2007; M. S. Fewtrell, Lucas, & Morgan, 2003; Giovannini et al., 2004; Kronborg et al., 2014; Rebhan et al., 2009; Schiess et al., 2010; Tang, Lee, & Binns, 2015; Tromp et al., 2013; Vingraite, Bartkeviciute, & Michaelsen, 2004; Wasser et al., 2011) , including some in France Salanave et al., 2016) . Here, the association between breastfeeding duration and CFI was of small amplitude, which could be partially explained by the low rate and short duration of breastfeeding in France compared with other countries . In the ELFE population, only 28% of the mothers were still breastfeeding at CFI, and only 10% were predominantly breastfeeding after 6 months of age (Wagner et al., 2015) , showing a low rate of compliance with WHO breastfeeding recommendations. A short duration of breastfeeding was observed in our study, that is, approximately 3.5 months in the population of those with an available CFI age. Breastfeeding durations longer than 1 year only represented a small part of the study sample. This study confirmed that youngest, overweight/obese, smoking, and less educated mothers were more likely to introduce CF before 4 months, consistent with previous studies Boudet-Berquier et al., 2016; Kronborg et al., 2014; Rebhan et al., 2009; Salanave et al., 2016; Schack-Nielsen, Sorensen, Mortensen, & Michaelsen, 2010; Schiess et al., 2010; Wijndaele et al., 2009) . Obese mothers may have a less acute perception of the hunger/satiety cues of their children (Gross et al., 2010) , which may lead them to introduce CF earlier. Attending at least one birth preparation class was associated with a lower probability of CF < 4 months and a longer breastfeeding duration (Wagner et al., 2015) . In the ELFE cohort, women who attended antenatal classes were more compliant with recommendations about their own diet during pregnancy (Kadawathagedara et al., 2014) . As no CFg advice is provided in these classes, this finding is likely a marker of a greater interest in health-related factors such as nutrition among those who chose to attend antenatal classes, leading to better compliance with recommendations.
Being a second-born child was linked to a decreased probability of CF < 4 months and an increased probability of CF > 6 months.
However, mothers who used personal experience to inform their child caregiving began CF < 4 months more often. This suggests that the maternal experience referred to may not involve the mother's own children but may instead pertain to another situation, such as occupational experience or having previously cared for other children. More specifically, the evolution of recommendations could explain the earlier CFI for women who rely on their own experience, because CFI was recommended before 4 months for the previous generation in France (Gojard, 2000) . Analysis revealed that in our study, among mothers who reported using their personal experience as information source in child caregiving ("experienced mothers"), 79.7% reported having already taken care of another baby sometimes or often compared with 48.3% of mothers who did not report using their personal experience ("inexperienced mothers"). Interestingly, they especially differed regarding having been a babysitter (48.6% of experienced mothers vs. 34.5% of inexperienced ones) or having taken care of a baby in the course of their occupation (21.2% vs. 7.8%, respectively), but not as much in having taken care of their siblings (29.4% vs. 23%, respectively). Furthermore, it has been suggested in a previous French study that the probability of having cared for younger children prior to motherhood decreased with the level of education (Gojard, 2000) . Here, we observed that maternal experience was a significant factor explaining the variability in CFI age, in addition to level of education. Finally, maternal experience could also be related to an intergenerational transmission of infant care and feeding habits, which may differ by social group, as was already observed in France (Gojard, 2000) .
Boys were more likely than girls to be introduced to CF before 4 months. This has already been described (Kronborg et al., 2014; Wright, Parkinson, & Drewett, 2004) , although not systematically Hendricks, Briefel, Novak, & Ziegler, 2006; Scott et al., 2009; Wijndaele et al., 2009) . Mothers may have found that boys "needed more" or "were hungry," as suggested by a prospective population-based cohort study conducted in the United Kingdom in 2004 (Wright et al., 2004) . In this study, male babies were introduced to CF before 3 months more frequently than girls, and this was partly related to their larger size and therefore higher energy requirements.
The maternal perception of the infant's hunger cues could also have been different between boys and girls: Mothers who introduced CFg earlier recognized that the perceived needs of their baby ("seemed hungry" and "it was the right time") were of greater influence than external advice from health professionals or written materials (Wright et al., 2004) .
This study provides original insights into paternal factors, of which some, such as country of birth, remain significant in the multivariate analyses. Few studies describe paternal influences on young children's feeding behaviour Camara et al., 2015; Chary, Messmer, & Rohloff, 2011; Walsh, Cameron, Crawford, Hesketh, & Campbell, 2016; Walsh, Cameron, Hesketh, Crawford, & Campbell, 2015) , but there is growing evidence that paternal factors, such as education or BMI, may affect the child's growth (Parikka et al., 2015) .
Although infant feeding practices may mainly depend on the mother, it may also be influenced by the father who may have different dietary habits (Bertin et al., 2016; Si Hassen et al., 2016) . Moreover, their dietary habits may be differently stratified according to income, occupation, and education level than those of mothers (Lioret et al., 2012; Northstone, 2012) . Thus, it was important to study whether these paternal characteristics, as well as those linked to breastfeeding practices in this cohort, were linked to CFg practices. Here, some factors were significant in the bivariate analysis (marital status, father's age, occupation type, monthly income, and parental country of birth); however, only parental country of birth remained significant after adjustments were made for other factors, confirming that maternal factors are more strongly associated with CFI age than paternal factors.
The factors associated with earlier CFI were consistent with those linked to a lower breastfeeding initiation rate and shorter duration, except for the infant's sex, which was not linked with breastfeeding initiation or duration in the ELFE cohort Wagner et al., 2015) , and parental country of birth. Mothers who were not born in France were more likely to breastfeed and for a longer duration Wagner et al., 2015) , although they were more likely to initiate CF < 4 months and less likely to initiate CF > 6 months than those born in France. Thus, cultural factors are important to consider when providing CFg advice.
In the EPIFANE study, a score for compliance with national nutritional recommendations was constructed to account for the conduct of CFg in the general population (Estaquio et al., 2009 ). However, they do not necessarily lead to modifications towards healthier habits in the same way between different social groups and thus may fail to reduce health inequalities (Escalon, Beck, & Bossard, 2013 This study must be viewed in light of its strengths and limitations.
For the first time, this study reports data on CF practices from a nationally representative French sample, with prospective monthly collection of CFg practices. We were able to address a large number of factors simultaneously to reflect the multidimensionality of factors associated with feeding practices. It can be noted that the age at CFI was calculated with a precision of 1 month.
Some limitations are to be taken into account to generalize these results. The food frequency feeding questionnaire was self-administered; it may, therefore, be prone to a social desirability bias, although no judgmental evaluation was returned to the parents. Neither numbered monthly frequencies nor portion sizes were collected, because a pilot study (unpublished data) showed that it was challenging to collect this type of information in this cohort. Because many variables were collected apart from nutrition, the questionnaire had to be easy to fill out.
A significant refusal rate was observed at the inclusion period, because almost 51% of the parents did not consent to participate. This is a common limitation to all longitudinal cohort studies. The parents of included children engaged themselves and their children for a planned follow-up of 20 years. Such commitment could have hindered their participation, especially because the consent was asked in the 2 to 3 days after birth in the maternity unit.
To address the potential impact of missing data on the age at CFI, an imputation method was applied, which can lead to some biases.
However, the imputation method was defined to be as conservative as possible, taking into account the longitudinal profile of CFI of the respondents. We indeed observed that the results of the analyses conducted on our nonimputed data led to conclusions consistent with those drawn from the imputed data set (full results available on request).
Nevertheless, the participants who answered the CFg questionnaire presented selection bias compared with the whole ELFE population. Nonrespondent mothers were younger, less educated, more likely to be born outside France, and more likely to smoke, and they had a higher BMI; that is, they were more likely to represent disadvantaged families, which may lead to underestimations of significance and/or effect sizes. However, to obtain nationally representative from this specific questionnaire on CFg practices, we weighted the data to take into account the inclusion procedure and biases related to nonconsent and nonresponse. This weighting was applied to calculate population estimates of age at CFI but was not used for the multivariable analyses, in order to avoid too many assumptions regarding nonrespondents' feeding practices. Multivariable analyses were only adjusted for variables that were discriminant between consent and nonconsent samples at inclusion and those that were related to sampling design (maternity unit size, parental region of residence, and recruitment wave). With a sample of almost 11,000 children, the categories depicting the disadvantaged families were still large enough to calculate significant estimations of their relationship with the age at CFI. Therefore, our study is powerful enough to draw some reliable conclusions about those categories and the feeding practices of parents therein.
In other respects, we focused all our multivariate analyses on testing the main effects of the possible determinants of CFI age.
Considering the numerous factors included in the analysis, the interactions were not tested in these models, but they could be further studied.
The relationship between health status and CFI age was not evaluated. Parents of most children with severe congenital medical conditions may have refrained from participating, either at inclusion or at CFI age. Very few children (<1%) were declared "in bad health" at 2 months, and no link between transferring to a Neonatal Intensive Care Unit and CFI age was found in this study. Moderate preterm birth (33-37 weeks of amenorrhoea) was not associated with a later CFI age, as already described (Fanaro et al., 2007) , and could be explained by the lack of clear CFI recommendations in France for preterm children.
Finally, the relationship between anthropometric measurements and CF practices was not evaluated in this study (A. D. Jones et al., 2014) , because these data were not yet available except for birth weight. However, this relationship will be assessed specifically in future studies.
In conclusion, as in other developed countries, the introduction of CF in this French sample mostly began after 4 months of age, but few of the mothers followed the WHO recommendation to introduce CF at 6 months of age. It is important to continue promoting clear messages regarding CF recommendations, especially in families more likely to introduce CF before 4 months, namely, families with young mothers who were not born in France, smoke, are overweight, or do not breastfeed. Our results underscore the need to develop innovative public health actions towards the groups that are less receptive to nutritional messages, such as parents born outside the country, informed by qualitative research on how these groups perceive infant feeding.
Future studies within this cohort will examine the relationship between the timing and progress of milk and CFg practices and children's early and later growth, obesity, and allergy risk.
